Introduction
• Before appropriate priorities are established in a region to deal with the problem of cerebrovascular disease (CVD), it is necessary to know the scope of the problem in terms of how many are affected and who in the population has the greatest risk of developing CVD. To obtain appropriate answers to these questions, an epidemiological approach is required in which information is gathered from a well-defined population. Most available information is in the form of mortality statistics, which are not entirely satisfactory because risk of death varies for different types of CVD (e.g., mortality is greater for cerebral hemorrhage than for thrombosis). Other information in the form of data from a particular clinic may not be the same as that for the entire community because of the selection bias of the clinic. Moreover, it is rarely possible to generate population rates from one clinic because the population limits from which a given institution draws its patients cannot be defined with precision.
In the upper midwest, as in most other regions of the United States, there was a paucity of basic data on the frequency and population selectivity of CVD. However, within this region the communities of Fargo and Moorhead offered unusual opportunities for population studies of CVD. These communities have outstanding medical facilities, especially in the specialties of neurology and neurosurgery. They are relatively isolated from other communities and they have a large stable population. No other major medical center exists in the surrounding area for a radius of many miles, so that cases of cerebrovascular disease are likely to be seen first in these communities. This area was, therefore, chosen for an epidemiological study to assess the frequency and population selectivity of CVD during the period of 1965 and 1966.
The adjoining cities of Fargo, in eastern North Dakota, and Moorhead, in western Minnesota, and an area within a 25-mile radius of this metropolitan region constituted the study area. The per annum rate of increase in population in each city was very small. 1 Cass County increased by 1.4% per year on the average in the decade 1950 to 1960 and Clay County increased by only 289 individuals between 1961 and 1967. Precise data on the rate of increase in population in the surrounding study area during the study period were not available. However, no appreciable immigration or emigration occurred, and consequently the population in the two cities and surrounding regions may be considered stable. All physicians serving the region designated above maintain an office within the Fargo-Moorhead community. Hence, residents of the area are likely to seek medical care in Fargo or Moorhead. Persons living outside of a radius of 25 miles from Fargo-Moorhead were excluded from the study. The total population numbered about 94,000 individuals. The population breakdown by age and sex for Clay County and Cass County is listed in table 1.
Epidemiological information of interest which gives an insight into characteristics of the communities is as follows: Fargo and Moorhead lie on opposite banks of the Red River of the North, the natural boundary between Minnesota and North Dakota. These two cities are located about 190 miles east of Bismarck, North Dakota, and 250 miles northwest of Minneapolis, Minnesota, and 80 miles south of Grand Forks. They are the respective seats of Cass County and Clay County. The Fargo-Moorhead community is situated in the basin of glacial Lake Agassiz. 
Method
In 1967, data on patients diagnosed as having had a cerebrovascular accident (CVA) were gathered from all sources of medical information in the community including hospitals, clinics and chronic care homes for the period of 1965 and 1966. Private physicians with practices which would be likely to include stroke victims were contacted. The majority of physicians have a group practice in one or another clinic or hospital in the community and their records are in the medical institutions. Death certificates of all residents of the area who expired were reviewed. Some of the 456 death certificates listed the autopsy-verified diagnoses. Residents who had sustained nonfatal vascular accidents while away from the area were few in all likelihood, and most were ascertained when they returned to the community and reported to their physician. Those who died elsewhere were not ascertained, but their number was probably small.
For the purposes of the epidemiological study it was necessary to establish limits for the term "cerebrovascular accident." The criteria of the NINDB ad hoc committee on cerebrovascular disease were used. 2 The following diagnoses were accepted as "cerebrovascular accidents" and cases so designated were identified: (1) cerebral vascular accident: thrombosis, hemorrhage, embolus, and unspecified CVA; (2) brain stem vascular accident; and (3) subarachnoid hemorrhage.
Where the term "cerebrovascular accident" was used without further elaboration, the category "unspecified CVA" was used. Cases with cerebral arteriosclerosis, chronic brain syndrome and cerebral and brain stem insufficiency were identified but listed separately from CVA. Although cerebral arteriosclerosis may have included patients who suffered a cerebrovascular accident, the term usually is employed by physicians to denote patients who are elderly and -demonstrate various -grades of lack of higher intellectual function without known cause. Similarly, the term "chronic brain syndrome" usually refers to an individual who has psychiatric rather than neurological deficits but it does not exclude organicity. Since cerebrovascular disease may cause "chronic brain syndrome," the category was included with the arteriosclerotic group. Cases with cerebral and brain stem insufficiency were ascertained but were not listed together with other types of CVA because it is often difficult to identify these cases clinically even when a meticulous history is obtained and a careful neurological examination is performed. A particularly troublesome problem in classification arose for cases which physicians diagnosed "probable insufficiency." Usually this label referred to patients with transient signs suggestive of neurological deficits such as dizziness and tinnitus. These were also identified but were listed separately. The category "ischemic episode" like "insufficiency" was used for patients who had a transient neurological deficit which occurred during the study interval. Whether these patients actually had a CVA _was difficult to decide; they were identified and listed separately. "Recurrent CVA" was used to classify patients with two or more 
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A total of 653 cases were identified in the study; 408 of these patients had cerebral thrombosis, hemorrhage, embolus, ill-defined stroke or subarachnoid hemorrhage. Table 3 shows the percent of patients derived from each source of medical information. Figure 1 shows the frequency of cerebrovascular accidents of all types per 1,000 population in each of the communities within the study area. Based on all cases ascertained, the average annual rate in Fargo was four and the rate in Moorhead was three per 1,000 population. Frequencies in different communities ranged from zero to 34 per 1,000 population, and there appeared to be a pocket of high frequency southwest of the Fargo-Moorhead area. Small numbers render these rates unstable for the small townships but it is noteworthy that the rates in Fargo and Moorhead were almost identical. Figure 2 shows the age-specific incidence of various types of cerebrovascular accidents. With the exception of subarachnoid hemorrhage, a sharp increase in each type of CVA 458 occurred after age 40. Subarachnoid hemorrhage shows a bimodal distribution with peaks at 40 and 70 years. These data are detailed in table 4A for all types of CVA ascertained in the study and in table 4B for selected types of CVA which correspond to the diagnostic entities most often included in other community studies. The incidence in males and females was similar in most age groups.
In table 5, the average annual incidence of each type of CVA ascertained in the study is listed. These data refer only to new cases which occurred in 1965 or 1966. For all types of CVA included in the study, the average annual incidence was 347 per 100,000 population. Using selected types of CVA which correspond to the types usually included by other investigators (i.e., cerebral thrombosis, hemorrhage, embolus and ill-defined CVA as well as subarachnoid hemorrhage), the rate was 217 per 100,000 population. The ageadjusted rate of the selected types of CVA, using the population of continental United States in 1960 as a standard, was 242 per 100,000 population. Figure 3 shows the distribution of cerebrovascular accidents by month. Highest frequencies occurred in the spring and a lower peak occurred in the late fall months. In this respect, there was little difference between males and females and the distribution in 1965 was much like that observed in 1966. Of course, a sampling of more than two years is necessary to determine if this monthly trend is valid. Distribution of deaths due to CVA was comparable to distribution of all CVAs by month as shown in figure 3 .
Discussion
A large number of reports exist on frequency of CVA but only a few of these are useful for deriving estimates applicable to a whole population. Most are hospital-based series which have drawn patients from a poorly defined population. Mortality data have also been utilized to derive estimates of frequency and, while these estimates are based on welldefined populations, they may reflect widely varying certification practices and therefore are open to question. The few available community-wide studies of CVA are reviewed below.
In 1957, the Commission on Chronic Illness 3 conducted a survey by selecting one •Cerebral thrombosis, hemorrhage, embolus and ill-defined strokes as well as subarachnoid hemorrhage.
out of 80 addresses at random in Baltimore and interviewing members of households for the presence of a variety of chronic diseases including cerebrovascular disease (rubric 330-334, ICDS). 4 Prevalence was based on a weighted number of cases encountered among 11,574 individuals including whites and nonwhites. The prevalence rate was 260 per 100,000 population. It was based on 15 cases of CVA. The age-adjusted prevalence rate was 170 per 100,000 population.
In 1964, the incidence rate of CVD in Middlesex County, Connecticut, was published by Eisenberg and his associates. 5 They ascertained cases by reviewing nursing home and hospital records, death certificates and periodic query of all practitioners in the county during an 18-month reporting period in 1957 and 1958. Data from the middle 12 months only were used; only residents of Middlesex County Stroke, Vol. 1, November-Dectmbtr 1970 were included and the physician and study personnel had to concur in the diagnosis. "Small strokes" were excluded. The population base was 83,500, 98% of which was white. The incidence rate was 230 per 100,000 population, the rates varying from two per 100,000 population under 35 years of age to 5,000 per 100,000 population over 80 years of age. In this study, the prevalence rate was not estimated and subarachnoid hemorrhage and embolism were disregarded because so few cases were encountered.
In 1965, Kannel et al.° reported their experience with a 12-year followup of 5,106 adults aged 30 to 62 in Framingham, Massachusetts. These represented individuals selected from volunteers and from among respondents to a random sample query who were free of both CVD and heart disease. The annual incidence of CVD was estimated to be 150 per •Types usually included in population studies of CVA. Based on those types, the average annual crude incidence was 216.8 per 100,000 population.
100,000 population. Age-specific rates were given only for cerebral infarction and reached a high level in a group 20 years older on the average than in patients with myocardial infarction. Of the 90 patients aged 30 to 62 who had a CVA, 63% had a cerebral thrombosis, 15% had cerebral embolus, and 4% had intracerebral hemorrhage. Subarachnoid hemorrhage occurred in 18%. The high frequency of subarachnoid hemorrhage relative to intracerebral heroorrhage is peculiar and does not agree with the usual clinical experience. In addition, the sample excluded individuals with heart disease and it would be inappropriate to compare the Framingham rate with rates based on an entire population.
Ericson 7 analyzed all of the patients admitted to six general hospitals in Lake County, Illinois, in 1963 with a diagnosis of CVA. These hospitals serviced a population of 320,000 individuals. He reported that the most common type of CVD was cerebral thrombosis. The patients admitted to the hospital included only 46.8% of cases whose cause of death was listed as due to CVA on a death certificate. He identified a total of 266 patients with CVA, some of which occurred before 1963. Based on all cases, the prevalence of CVA was 84 per 100,000 whites and 64 per 100,000 Negroes. A total of 204 new cases of 460 stroke were hospitalized in Lake County in 1963. Based on new patients only, the incidence rate in 1963 was 64 per 100,000 population. Because of the frequency with which strokes were listed on death certificates, Ericson suggested that the figure should be doubled at least to include patients with CVA not hospitalized. Unfortunately, Ericson's report failed to give the frequency of new cases with various types of CVA so that the incidence of each type of stroke could not be derived. The incidence rate for the total population was probably a serious underestimate.
In their study in mid-Missouri in 1966, Parrish and associates 8 reported an ageadjusted incidence rate of CVD of 258 per 100,000 population. The population base included about 80,000 individuals of whom 75,700 were whites (1960 census). A significantly higher rate of strokes was observed among nonwhites (mostly Negroes). The crude rate in nonwhites was 410 per 100,000 population. The study included a review of hospital records, nursing homes and physicians in three counties. Death certificates were also reviewed. The age-specific incidence rate in the population over 35 years of age was estimated to be 555 per 100,000 white population. Cerebral thrombosis accounted for 56%, hemorrhage 22%, embolus 7% and unspecified CVA 15%. Crude incidence rates for these various types of CVA are shown in table 6. Chapman et al. 9 selected a group of 1,859 male city employees and followed them for 13 years. Their ages ranged from 21 to 70 years on admission to the study. The sample included 1,552 whites and 357 nonwhites. Firemen and policemen who might be expected to have passed a rigorous preemployment physical examination were excluded. Occurrence of a CVA was ascertained by responses to mailed questionnaires. More than 90% completed the questionnaire. Records were also reviewed in hospitals and clinics and attending physicians were queried to check on interim diagnoses. Participants in the study aged 35 to 59 were visited once at home. Some patients moved or were otherwise lost to followup. A total of 40 new cases of CVA occurred in the study interval which gave an average annual incidence of 165 per 100,000 population. A total of 36 occurred among the 995 whites aged 40 to 69 at risk which gave an annual incidence of 278 per 100,000 white males. Among the whites, there were 16 cases of cerebral thrombosis, nine of cerebral hemorrhage, one of subarachnoid hemorrhage and ten of unspecified type. Since the population 
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was an unrepresentative sample of the general population, rates for the general population were not calculated. A report on the incidence of CVA from Hisayama, Japan, by Katsuki et al. 10 was published in 1964. The population included 6,521 inhabitants. On the basis of a two-year prospective study among 1,621 inhabitants over age 40, they estimated a prevalence rate on January 1, 1964, of 383 per 100,000 population and an average annual incidence rate of 215 per 100,000 population. This rate was based on 28 recognized cases of CVD over age 40 years. Two cases of CVD below the age of 40 were later found, and, when added to the 28 cases made the incidence rate 230 per 100,000 population. There were 17 patients with cerebral thrombosis, nine with cerebral hemorrhage, two with subarachnoid hemorrhage and two with undefined stroke. The population of Hisayama, though thoroughly surveyed, was small. It is worth noting that in the group over age 40 the incidence rate of CVD was higher than that of heart disease, unlike in the United States where heart disease is more common. Moreover, deaths in Japan attributed to cerebral infarction increased from 1952 to 1962.
n This was in part due to changing patterns in death certification with fewer classed as "cerebral hemorrhage" and more classified as "cerebral thrombosis."
Tn the report by Katsuki and Hirota 11 published in 1966, results of the Hisayama study were extended to cover the period 1961 through 1965. A total of 52 new cases of CVA had been diagnosed in 1,621 subjects over age 40. Using the whole population as a base and assuming that no strokes occurred under age 40, the crude average annual incidence would be 127 per 100,000 population. There were 32 cases of cerebral thrombosis, 13 of cerebral hemorrhage, one embolus, three subarachnoid hemorrhages and three ill-defined cases. The age distribution of these cases was not given so that an age-adjusted frequency could not be derived.
A study of hospitalized patients by Dalai 12 carried out over an eight-month period in Ward E in Bombay, India, showed an annual incidence rate of 38 per 100,000 population based on 127 cases identified. There were 42 cases of cerebral thrombosis, 37 were called thromboembolus, 26 were embolic, 462 13 were cerebral hemorrhage and nine had a subarachnoid hemorrhage. Nair Hospital was the sole hospital facility in the area serving 498,814 individuals. Considering the crowded home conditions, Dalai thought that the majority of stroke patients would have come to the hospital for free medical care and rehabilitation. However, the low crude rate Dalai observed is more likely a reflection of the fact that many cases of CVD are not admitted to the hospital.
In 1967, Johnson et al. 18 reported an average annual incidence of 342 among individuals 30 years and older after five and one-half years of followup of 9,270 individuals living in Hiroshima, Japan. They reported the following distribution of various types of CVD: Of 175 definite and possible cases of CVD diagnosed, 80 (45%) were cerebral thrombosis, 59 (34%) were cerebral hemorrhage, 27 (16%) were unspecified CVA and nine (5%) were subarachnoid hemorrhage. The incidence rate for the general population was not calculated.
Brewis et al., 14 in a community-wide study in Carlisle, England, over a period of seven years, reported an average annual age-adjusted incidence rate of all types of CVA of 154 per 100,000 population. The rates varied from 5.7 per 100,000 population for individuals aged 30 to 39 to 1,206 per 100,000 population in those over 80 years of age. They reviewed records of hospitals, general practitioners, consultants, the community officer of public health, and death certificates and had interviews in a sample of 2,388 households (11.5% sample). A total of 695 cases of CVA and 53 cases of subarachnoid hemorrhage were identified. None of the patients who died at home from CVA during the study period were likely to be included in the rates unless they had been referred to a hospital prior to death, and in England stroke patients are often not referred to hospitals.
In Goulburn, Australia, a community of 24,000 individuals, Wallace 18 identified 158 cases of stroke in the period 1962 to 1964. These had been ascertained by his regularly contacting all practitioners in the community. Of the 158 cases, 127 were new in the twoyear period of the study which gave an average incidence of 227 per 100,000 population. Of these 158 cases, 105 had a cerebral thrombosis, 27 had a cerebral hemorrhage, ten had an embolus, ten had a subarachnoid hemorrhage, three had subdural or intradural hematomas (which most other investigators excluded) and three had ill-defined types of cerebrovascular accidents.
In a preliminary report, Whisnant et al.
ia reported an average annual incidence rate of 194 per 100,000 population in Rochester, Minnesota, in the interval 1945 to 1954 based on 548 cases. The rate in Rochester probably reflects rather complete case ascertainment as Whisnant et al. were able to use the unusually fine records of the Mayo Clinic.
Crawford and Sarner 17 reported an average annual incidence of ruptured intracranial aneurysm of six per 100,000 population in Surrey, England, based on cases under age 60. Pakarinen 18 reported 16 cases of subarachnoid hemorrhage per 100,000 population in Helsinki, Finland.
The age-adjusted frequency of CVA in studies with similar ascertainment techniques is summarized in table 6. It ranged between 119 and 198. Compared with these studies, the rate in Fargo-Moorhead is quite similar. However, previous studies have not included cases with cerebral arteriosclerosis, ischemia, or "chronic brain syndrome," which in all likelihood include a number of cerebrovascular accidents. Without better information and by using medical records alone, it is probably justified to exclude these cases. However, these diagnostic labels probably include patients with CVA and a case followup study would certainly be desirable in which the validity of the diagnoses listed in the medical records is determined.
In the present study, analysis of CVA by type based on clinical criteria indicated that thrombosis was diagnosed at least twice as often as hemorrhage and ten times as often as embolus. Brain stem infarcts were only onetwentieth as common as hemispheric infarcts even though ischemic attacks in the basivertebral system accounted for one-third of all ischemic attacks. The majority of ischemic attacks were not specified as to site. Ischemic attacks occurred almost as often as thrombosis but probably are underestimated in our data. The frequency of unspecified type of CVA limits the conclusions which can be drawn from the listed frequencies of various types of CVA. The validity of these estimates would require more detailed clinical evaluations and autopsy information. Ideally, a population should be studied where virtually all deaths are autopsied. A cohort could then be examined to yield an autopsy-verified frequency of CVA in a whole population.
The frequency of cerebral hemorrhage, cerebral embolus and subarachnoid hemorrhage agrees well among the various studies cited in table 6. It would appear, however, that cases listed as "ill-defined CVA" in FargoMoorhead may have been more often listed as "cerebral thrombosis" by other investigators. Combining "ill-defined" cases with "cerebral thrombosis" in all the studies listed in table 6 increases the conformity among them as regards the frequency of subtypes of CVA. The exclusion of ischemic attacks and cerebral arteriosclerosis by other investigators is understandable since these entities are difficult to diagnose even at bedside, let alone from medical records. Yet, such exclusions undoubtedly lower the overall reported rate of CVA. By casting a wider net and including cerebral arteriosclerosis, ischemia and chronic brain syndrome, more cases of cerebral vascular disease may have been discovered but more noncerebrovascular cases would also have been included.
If methodological differences of case ascertainment are taken into account, the frequency of CVA in the diverse communities in which population studies have been carried out seems remarkably similar. For example, the widespread notion that CVD is more common in Japan than in the USA is not supported by data reviewed in this paper. Therefore, the differences in CVA frequency suggested by mortality data 19 should be reexamined.
Another epidemiological characteristic of CVA which emerged from this study and a review of the literature includes similarity of frequency between males and females. Unlike coronary artery disease, which shows a marked male preponderance, CVD appears to affect males and females equally.
The uneven seasonal trend of CVA which emerged in the present study is curious. Whether hemodynamic changes related to climatic factors are important in precipitating vascular accidents is conjectural, but confirma-tion based on longer periods of observation is required. Perhaps studies in the southern hemisphere, where climatic changes are reversed relative to Fargo-Moorhead, might reveal reversals of the seasonal trend of CVAs as well.
Although the information on frequency and population selectivity of CVA in FargoMoorhead is among the most complete available to date, it is not without shortcomings. The data could undoubtedly be improved by standardizing the medical recording and filing procedures, and including a case followup with clinical and autopsy verification. However, the costs of such improvements would be considerable and are hardly feasible for most communities. However, additional studies which are at least as thorough as the Fargo-Moorhead study could be accomplished and would provide a better idea of regional differences, if any, and population selectivity of cerebrovascular disease.
Summary
Fargo-Moorhead is a community of approximately 100,000 inhabitants located in the upper midwest This area has excellent neurological diagnostic facilities and a stable population and is relatively isolated from other medical centers. Therefore, there was an unusual opportunity for epidemiological research in cerebrovascular disease in a welldefined population. A project was designed to ascertain the frequency and population selectivity of cerebrovascular accidents in the Fargo-Moorhead area for the period 1965 to 1966.
Patients diagnosed as having had a CVA or listed as having symptoms and signs compatible with CVA were ascertained through review of medical records in all hospitals, clinics and chronic care facilities in the area. Physicians were also contacted, but all practice within the framework of a group affiliated with a clinic or hospital and the institution maintains the medical records. The number of new cases of CVA was determined and analyzed by age, sex, source of ascertainment, and month and year of admission to hospital or clinic.
The average annual frequency of CVA of all types in Fargo-Moorhead during the period 1965 to 1966 was 347 per 100,000 popula-464 tion. The average frequency of cerebral thrombosis, hemorrhage, embolus, ill-defined strokes and subarachnoid hemorrhage, entities which represent the subtypes of CVA most often studied by investigators, was 217 per 100,000 population per year. The rate in males and females was similar. Townships ranged in frequency from 0 to 34 per 100,000 population, and there appeared to be a pocket of high incidence to the southwest of the metropolitan area. Age-specific incidence rates showed a sharp increase in almost all types of CVA after age 40. Subarachnoid hemorrhage was an exception in that the age-specific frequency was bimodal with peaks at 40 and 70 years of age. The highest frequency of CVA occurred in the spring with a lower peak toward late autumn. Males and females were similar with respect to seasonal incidence.
The incidence of CVA in Fargo-Moorhead was compared to the incidence reported in several other communities in which similar case-ascertainment methods were used. Although the incidence was somewhat higher in Fargo-Moorhead, methodological rather than true differences were thought to be the probable explanation. Considering methodological differences, the frequency and population selectivity of CVA seems strikingly similar in widely diverse populations. •Only approximate, since in the large groups a few had more than one concomitant disease. Aneurysms, which in the present series constitute a large portion of the cerebrovascular attacks in young individuals, seem to have an increasing incidence toward the age of 50, but the true peak cannot be determined from this study. Again, from the reports of the Cooperative Study, 7 however, 62% of the patients with aneurysms bled between the ages 474 of 40 and 60 and the peak seems to lie between the ages of 55 and 60.
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It appears that aneurysms and intracerebral hemorrhages in the present group of individuals are more common on a percentage basis than they are in other hospital series in the United States, where thrombosis and emboli account for 80% of all stroke admissions. 1 The 
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reason for this divergence is not obvious but age differences and patient referral patterns may be partly responsible. Transient ischemic attacks in this, as well as in other reported series, seem to occur more commonly in white males. 8 ' 9 In the present series, one-sixth of the patients with transient ischemic attacks died during the follow-up period. This is a higher incidence than Baker reports, 10 but the series are not quite comparable.
In cerebral thrombosis, an overall mortality of 30% was encountered over a two and one-half year follow-up. These figures resemble the 10% yearly mortality cited by Baker et al., 10 but the present series includes some patients who died while in the hospital and Baker's does not. The reports of Wells and Timberger 11 and Berlin 12 emphasize the favorable prognosis of cerebral thrombosis in young individuals from other areas of this country. The present figures are not quite as optimistic.
The tables dealing with the incidence of preexisting hypertension and the presence of Levine and Swanson 15 discussed nonatherosclerotic causes of strokes in young patients. Their list of concomitant diseases, other than hypertension, diabetes, hyperlipemias and hypotensions, includes some of the concomitant diseases that we have listed previously. It is of interest that in our series only one patient with a cerebral vascular thrombosis was taking oral contraceptives.
The tables relating the prognosis of patients to their initial motor deficit and to their initial level of consciousness produced no surprising information, with one exception. There was no clear relationship between the initial state of consciousness and the prognosis in patients with hemorrhagic strokes in this series. The explanation of this apparent paradox is not evident From the tables dealing with mortality and those describing the patients now working and ambulatory without aid, one would conclude that the greatest effort at rehabilitation should be directed toward individuals with transient ischemic attacks, cerebral embolism and cerebral thrombosis in preference to patients with hemorrhagic disorders.
The predominance of hemorrhagic strokes in this series in young Negroes over young whites, and of transient ischemic attacks in whites over Negroes, is striking. However, only a controlled prospective population study will answer definitively the epidemiological and therapeutic questions arising from these data.
